T
he history of neurological surgery in the United States (US) dates back to the late 19th century. 1 During his time as a student in Europe, Harvey Cushing (1869-1939), the father of American neurosurgery, began to consider neurosurgery as a fulltime endeavor, separately from general surgery. 1 In 1919, Cushing and two other surgeons persuaded the American College of Surgeons to designate neurosurgery as a separate specialty. 1, 2 The Society of Neurological Surgeons was conceived shortly thereafter during a meeting hosted by Cushing at Peter Brigham Hospital in Boston in 1920. 2 This was followed by the foundation of the Harvey Cushing Society in 1931 (the name was changed to the American Association of Neurological Surgeons [AANS] in 1967), the American Academy of Neurological Surgeons in 1938, the Neurosurgical Society of America in 1948, and the Congress of Neurological Surgeons (CNS) in 1951. 3, 4 Through these establishments, organized neurosurgery in the US has thrived, and generations of academic neurological surgeons have since handed the torch to today's leaders of neurosurgery in the US.
According to the bylaws of the CNS, core to the purpose of academic neurosurgery is promoting the advancement of scientific research as well as sustaining the training of neurosurgeons in a formal setting. 5 This dual purpose makes evaluating the quality of academic neurosurgical departments a difficult task. Recently, many studies have assessed and ranked neurological surgery departments based on bibliometric measures, such as the h-index, g-index or i10-index. [6] [7] [8] [9] These ABBREVIATIONS: ACGME, Accreditation Council for Graduate Medical Education; ADS, Accreditation Data System; CI, confidence interval; CNS, Congress of Neurological Surgeons metrics are important for assessing the degree to which neurosurgical departments promote the advancement of scientific research. However, they lack any information regarding the other core tenet of academic neurosurgery, namely, the sustainment of the training of future neurosurgeons. Campbell et al 10 sought to address this issue by quantifying and evaluating the quality of academic neurosurgery departments based on the number of academic neurosurgeons they trained.
The purpose of this study is to complement the findings of Campbell et al 10 by providing an additional perspective regarding the number of current department chairs and program directors of US neurosurgical departments stratified by the location of their training institutions for medical school, residency, and fellowship. Moreover, the current study inspects the number of current neurosurgical chairs and program directors with fellowship training and examines the most common subspecialties of neurosurgery fellowship training that are prevalent among these academicians.
METHODS

Data Collection
The online public Accreditation Data System (ADS) of the Accreditation Council for Graduate Medical Education (ACGME; https://apps.acgme. org/ads/public) was queried for the current neurological surgery residency training programs for the 2017-2018 academic year. All neurosurgical programs in US territories as well as all preaccredited programs were subsequently excluded to yield a final listing of neurological surgery residency training programs in the continental US.
A census of training program department chairs and program directors was then compiled using multiple sources. Data obtained from the ADS public reporting system included ACGME program ID, program name, and program director name. The department websites were subsequently consulted to obtain information regarding the names as well as the training types (medical school, neurosurgical residency, and subspecialty fellowship) and locations of the chairs and program directors. Fellowship types were defined as one of the following 7 categories: (1) cerebrovascular and skull base surgery, (2) complex and minimally invasive spine surgery, (3) endovascular neurosurgery, (4) neurosurgical oncology, (5) pediatric neurosurgery, (6) stereotactic and functional neurosurgery, and (7) other (clinical fellowship not otherwise categorized). For programs in which the department chair also held the position of program director, data were collected for the assistant program director to allow statistical analysis of independent cohorts. For cases in which the above information could not be obtained via department websites, the authors contacted individuals within the departments via email or phone to obtain the necessary information. Data were collected between December 2016 and December 2017.
Statistical Methods
A descriptive analysis of the census of department chairs and program (or assistant program) directors included the number of medical schools, residency programs, and fellowship programs where they received training. In addition, the highest ranked training programs (including ties) for medical school, residency, and fellowship frequented by department chairs and program directors (or assistant program directors) were reported. Fisher's exact test was performed to determine differences in the proportions of department chairs versus program directors who acquired fellowship training, as well as differences in the various types of fellowship training. Two-tailed statistical tests were used, and statistical significance was defined as a P-value ≤ 05. Results were reported as the difference in proportions, the 95% confidence interval (CI) of the difference, and the P-value. All data were analyzed using Minitab software (Minitab version 17.3.1 for Windows, Released 2013; Minitab Inc, State College, Pennsylvania).
RESULTS
A query of the ADS yielded a list of 116 programs. This list was modified by removing 1 US territory program (University of Puerto Rico) as well as 8 pre-accredited training programs. The final number of neurological surgery training programs included in the analysis was 107.
Of the 107 training programs included in the analysis, 1 program did not have a department chair named at the time of the analysis. Thus, 106 department chairs were included in the analysis. Sixteen of the 106 department chairs were also listed as program directors. Of these 106 programs, 7 did not have an assistant program director listed, thus 100 program directors or assistant program directors were included in the analysis. The total number of different institutions where department chairs and program directors received training is found in Table 1 .
Chairs of Neurosurgical Departments
The 106 department chairs attended 65 different medical schools. The most frequented medical school was Harvard Medical School. Twelve of the current department chairs (11%) attended medical schools outside the US: 5 in Canada, 2 in Turkey, 2 in India, 1 in Italy, 1 in South Africa, and 1 in the United Kingdom. The top 5 (plus ties) medical schools attended by current neurosurgical department chairs can be found in Table 2 .
The department chairs attended 57 different residency programs. The most frequented residency program was at Massachusetts General Hospital, a Harvard Medical School affiliate. Three of the current chairs (3%) attended residency programs outside the US, all of which were in Canada. The top 5 (plus ties) residency programs attended by current neurosurgical department chairs can be found in Table 3 .
Of the current 106 department chairs, 59 (56%) attended postresidency fellowship programs, with some attending more than 1 fellowship training program, accounting for a total of 73 different fellowships at 43 different sites. The most commonly attended fellowship program was at the Barrow Neurological Institute. Fourteen of these fellowships (19%) took place outside the US: 5 in Canada, 4 in the United Kingdom, 3 in Switzerland, 1 in Germany, and 1 in Finland. The top 5 (plus ties) fellowship programs attended by current neurosurgical chairs can be found in Table 4 . Of the 73 postresidency fellowship training programs attended by current neurosurgical chairs, the most common type of fellowship training was in cerebrovascular and skull base surgery. The various types of subspecialty fellowship training acquired by current chairs can be found in Table 5 . 
Program Directors of Neurosurgical Departments
The 100 program directors or associate program directors included in the study attended 76 different medical schools. The most frequented medical school was Columbia University College of Physicians and Surgeons. Thirteen of the current program directors (13%) attended medical schools outside the US: 5 in Canada, 2 in India, and 1 each in Austria, Israel, the Netherlands, Poland, South Africa, and Venezuela. The top 5 medical schools attended by current neurosurgical program directors can be found in Table 6 .
The department program directors or associate program directors attended 68 different residency programs. The most frequented residency program was the University of Pittsburgh. Five of the current program directors (5%) attended residency programs outside the US. Four of these were in Canada, and 1 was in South Africa. The top 5 (plus ties) residency programs attended by current neurosurgical program directors can be found in Table 7 . Of the current 100 program directors or associate program directors, 57 (57%) attended postresidency fellowship programs. Some attended more than one fellowship training program, accounting for a total of 73 different fellowships at 43 different sites. The most commonly attended fellowship program was at the Barrow Neurological Institute. Four of these fellowships (6%) took place outside the US: 2 in Canada, 1 in the United Kingdom, and 1 in Sweden. The distribution of the various fellowship programs attended by current neurosurgical program directors can be found in Table 8 . Of the 73 postresidency fellowship training programs attended by 100 program directors or associate program directors, the most common type of fellowship training was in cerebrovascular and skull base surgery. The various types of subspecialty fellowships attended by the current program directors or associate program directors can be found in Table 9 .
Statistical Analysis
In comparing fellowship training between department chairs and program directors, there was no statistically significant difference in the proportion of individuals with clinical fellowship training (difference: −.01; 95% CI: −.15 to −.12; P = .89). A graphic depiction of the difference in the proportion of individuals who received the various types of fellowship training is shown in Figure. A statistically significant difference was found between the proportion of department chairs and program directors with fellowship training in cerebrovascular and skull base surgery (difference: .13; 95% CI: .02-.24; P = .02), endovascular neurosurgery (difference: −.07; 95% CI: −.16-.01; P = .05), and pediatric neurosurgery (difference: −.08; 95% CI: −.16-.01; P = .05). No statistically significant difference was found between the proportions of individuals with training in complex spine surgery, stereotactic and functional neurosurgery, or neurosurgical oncology. The results of these statistical tests are shown in Table 10 .
DISCUSSION
Essential to being a successful academic neurosurgery department, training programs must promote both the advancement of scientific research and the development of future academic neurosurgeons. Several bibliometrics, such as the h-, g-, and i-indexes, have been developed in attempts to assess the ability of a department to promote scientific research. [6] [7] [8] [9] However, these measures do not correlate with how well a program's graduates perform in academic neurosurgery. Campbell et al 10 developed a method to objectively rank programs based on their output of academic neurosurgeons by assessing how many of their graduates practice in an academic neurosurgical department. The present study complements these findings by ranking programs based on the ability of their graduates to hold the positions of department chairs or program directors within academic neurosurgical departments. Thus, this research represents the first of its kind in attempting to quantify and rank academic neurosurgery programs on the basis of their ability and dedication to training future neurosurgeons.
The results of this study are important as they provide insight into the quality of neurosurgical training programs based on their ability to produce leaders in the field of neurosurgery. Our study suggests that certain medical schools (ie, Harvard Medical School, Johns Hopkins University School of Medicine, and Columbia University College of Physicians and Surgeons), residency programs (ie, Massachusetts General Hospital of Harvard Medical School, University of California in San Francisco, University of Michigan Medical Center, New York Presbyterian Hospital of Columbia University College of Physicians and Surgeons, and University of Pittsburgh), and fellowship programs (ie, Barrow Neurological Institute and University of Washington Affiliated Hospitals) have the propensity to offer training that prepares their graduates for leadership roles in academic neurosurgery.
A few current department chairs and program directors of neurosurgical departments in the continental US underwent medical training in other countries. The most common country for medical training outside the US was Canada. Similarly, with one exception, current leaders of academic neurosurgical departments who did not receive training at US residency programs received their training in Canada. The most common country for subspecialty fellowship training outside the US was Canada, followed by the United Kingdom.
The secondary analysis of this study demonstrates a difference in subspecialty distribution among department chairs and program directors. In general, department chairs are more senior and have been in practice for longer than program directors. By applying this generalization, the results of the study may be interpreted as representative of the difference between more senior and junior academic neurosurgeons and, thus, of the chronological shift in the training of academic neurosurgeons in the US. Cerebrovascular and skull base neurosurgical fellowship training remains the most popular among both chairs and program directors of neurosurgical departments. However, as our analysis demonstrates, the proportion of academic neurosurgeons completing subspecialty training in cerebrovascular and skull base neurosurgery is likely declining, as evident by the significantly lower proportion of program directors completing these fellowships compared to department chairs. Conversely, endovascular Although the shift from open to endovascular neurosurgery can be easily explained by the technological advances in the field of vascular neurosurgery and the general shift in medicine to less invasive modalities of treatment, the significantly increased popularity in pediatric neurosurgery merits further investigation. The relative popularity of other neurosurgical subspecialties, namely neurosurgical oncology, complex and minimally invasive spine surgery, and stereotactic and functional neurosurgery, is unchanged between department chairs and program directors.
Limitations
The present study has some inherent limitations. By limiting the analysis to department chairs and program directors, only approximately 20% of all academic neurosurgeons were included, based on the number of academic neurosurgeons cited by Campbell et al. 10 This significantly diminishes the variance in results between academic departments by ranking and limits the generalizability of our conclusions. In addition, by using the absolute number of department chairs and program directors, instead of a relative value, the results favor larger and older institutions where more neurosurgeons have received training. Lastly, data was obtained primarily through departmental websites that may be outdated or inaccurate.
CONCLUSION
A few institutions in the US train a disproportionately large number of leaders of academic neurosurgery in this country. Some of these leaders receive their medical or neurosurgical training in other countries, with Canada being the most common place for training outside the US. Also, there may be a shift in subspecialty training for academic neurosurgeons from open vascular and skull base to endovascular and pediatric neurosurgery. Nevertheless, open vascular and skull base fellowship training remains the most popular among all generations of academic neurosurgeons.
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